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A MICA X-RAY SPECTROMETER. 
B Y W. S. GORTON. 
T N the literature of X-ray spectroscopy and crystal analysis mica has 
J- frequently been mentioned as a substance capable of " reflecting " 
X-rays strongly. Many investigators have reported this fact but have 
given no detailed information as has been done in the case of other 
crystals such as rock salt, calcite, etc. De Broglie and Lindemann,1 
and Rohmann2 have described an X-ray spectrometer employing mica 
as analyzer which offers some advantages over the usual form employing 
rock salt, calcite, etc., but no details as to the performance of the instru-
ment were given. This spectrometer consists essentially of a sheet of 
mica, bent to a cylindrical shape, on which a beam of X-rays falls. The 
various components of the beam are reflected at different angles and are 
received on a photographic plate as shown in Fig. 2. The advantage of 
this form of spectrometer consists in the curved shape of the analyzing 
crystal which enables a beam of X-rays comprised within a very narrow 
angle to strike the analyzer in such a way as to allow a large range in the 
possible angles of reflection. In the particular instrument used in the 
present work a beam having an angle of 5J0 allows a range of 45!° in the 
angles of reflection. Thus one is enabled to do in one exposure what 
requires many exposures in the ordinary form of spectrometer. Rock 
salt, as well as mica, is capable of being used as analyzer as it can be bent 
under hot water but mica, of course, is more easily manipulated. In 
view of the advantage offered by this type of spectrometer, it seemed 
well worth while to make a thorough investigation of the properties of 
the instrument. Such an investigation would also throw light on the 
structure of mica. 
The instrument used in the present work is shown in section in Fig. 1; 
the drawing is to scale. A sheet of mica 7.5 cm. long and 2.5 cm. wide 
is fastened on the surface of a wooden cylinder 8.35 cm. in diameter. 
Extending partly under the cylinder is a holder for the photographic 
plate. This holder has a top of black paper which offers a very small 
resistance to the passage of the X-rays. The open end of the holder is 
1
 De Broglie and Lindemann, Comptes Rendus, 158, 944, 1914. 
2
 Rohmann, Physikalische Zeitschrift, 15, 510, 1914. 
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closed by a piece of wood not shown in the drawing. The instrument is 
protected by a covering of sheet lead JQ inch (1.6 mm.) thick. The slit 
is in this lead cover and is J mm. wide. Above and to one side of the 
slit is placed a lead screen in order to prevent any rays but those reflected 
from the mica from reaching the plate. In order to find the angle of 
reflection corresponding to any line on the plate, an accurate drawing of 
Fig. 1. Fig. 2. 
the apparatus was made as shown in Fig. 2. Lines S'S, S'R, etc., were 
drawn, making various angles 6 with the surface of the cylinder. The 
reflections of these lines cut the surface of the photographic plate PPf 
at B, A, etc. CA, BD, etc., were drawn with lengths proportional to 
sin 0, and the points C, D, etc., were connected by a curve. Sin 6 for any 
line on the plate is readily obtained by laying the plate on the drawing 
and reading the length of the ordinate of the curve. The wave-length X can 
be calculated from the formula 
n\ = 2d sin 0, (1) 
as soon as d, the distance apart of the atomic"planes, and n, the order 
of the spectrum, are known. In order to find d it is necessary to use first 
radiations of known wave-length and measure 6 and n. In the present 
work it was most convenient to use for this purpose the characteristic 
radiations of tungsten as produced in an X-ray tube having a tungsten 
anticathode. Ordinary X-ray tubes were used. The time of exposure 
was generally five minutes, using currents of the order of 15 milliamperes 
and spark gaps of anywhere from 1 to 6 inches. 
Examples of the results obtained are shown in Plate I. Fig. 1 of this 
plate represents the usual result of an exposure and shows some strongly 
marked lines which are present on practically every plate taken. Fig. 2 
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TABLE I. 
Line. 
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Series. 
2 
1 
1 
1 
1 
1 
1 
1 
1 
1 
3 
2 
3 
3 
3 
2 
2 
2 
2 
3 
3 
2 
2 
2 
4 
4 
4 
4 
4 
4 
1 
1 
Order. 
2 
2 
2 
22 
Sin0 Inten-
sity. 
.457 v.f. 
.379 s. 
.332 f. 
.322 v.f. 
23 (Plate I., 
Fig. 2). 
Sin0 Inten-
sity. 
.233 m. 
.228 e.f. 
.223 f. 
.204 s. 
.200 f. 
.196 m. 
.173 v.f. 
.152 v.f. 
.140 m. 
.120 m. 
.118 v.f. 
.117 f. 
.104 v.f. 
.077 v.f. 
.066 v.f. 
Exposure No. 
24 (Plate I., 
Fig. 1). 
Sin 0 Inten-
sity. 
.393 v.f. 
.380 v.f. 
.377 s. 
.333 v.f. 
.328 m. 
.324 v.f. 
.319 f. 
.305 v.f. 
.284 v.f. 
.230 v.f. 
27 (Plate I., 
Fig. 3). 
Sin 6 Inten-
sity. 
.377 f. 
.333 v.f. 
.329 s. 
.324 v.f. 
.320 f. 
.304 v.f. 
.285 f. 
.274 v.f. 
.266 f. 
.258 v.f. 
.230 s. 
.226 v.f. 
.223 f. 
.220 v.f. 
.202 v.f. 
.199 s. 
.197 v.f. 
.194 m. 
.191 m. 
.186f. . . 
.171 f. 
.165 v.f. 
.160 v.f. 
.152 f. 
.138 v.f. 
.130 v.f. 
.118 v.f. 
.117 v.f. 
.100 v.f. 
.098 v.f. 
.075 v.f. 
.064 v.f. 
29 
Sin0 Inten-
sity. 
.391 V.f. 
.379 v.f. 
.377 s. 
.333 v.f. 
.327 m. 
.323 v.f. 
.319 f. 
.304 v.f. 
.284 v.f. 
.229 v.f. 
Exposure 58 
.574 v.f. 
.538 v.f. 
shows the sole exception to the rule set forth in the previous sentence; 
a large number of very fine lines, some of which extend only part of the 
way across the plate, are seen. These lines are nearer the central image 
than those of Fig. 1. Fig. 3 represents a condition of very infrequent 
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occurrence; it contains all the lines found in both Figs, i and 2. Fig. 4 
was taken with a piece of mica much thinner than was used for the rest 
of the work; the thickness was 0.0005 inch (0.0013 cm.) as against 0.0033 
inch (0.0083 cm.) for the other figures. The lines, however, occupy the 
same positions as those shown in Fig. 1. They are not so strong and 
exhibit a curious splotchiness but they are very evidently the same lines. 
In all the numerous exposures made the lines were invariable in position. 
Sometimes lines were absent from a plate but when they were present 
their positions were always the same. Consequently it will suffice to 
give here the measurements of the quantity sin 6 for only a few exposures 
(Table I.). The intensity of the lines is characterized as strong, medium, 
faint, or very faint. 
A glance at Table I. shows that as many as 32 lines are sometimes found 
on a plate. The question at once is whether these lines are due to as 
many wave-lengths. This question must be answered in the negative. 
In a previous paper1 the author reported the analysis of the X-ray spec-
trum of tungsten by means of calcite and rock salt. Ten lines in all 
were found. The wave-lengths are given in Table II. In view of the 
undoubted greater simplicity of the structure of calcite and rock salt as 
TABLE II. 
XX108 
1.476 
. . . .1.466 
1.292 
1.283 
1.275 
1.256 
1.237 
1.094 
1.057 
1.025 
Intensity. 
f. 
s. 
f. 
v.f. 
s. 
f. 
m. 
s. 
f. 
f. 
compared with that of mica it must be considered that the characteristic 
radiation of tungsten has but ten components. This conclusion is con-
firmed by the results reported below. The problem is, then, to pick out 
in the spectrum the lines due to any one wave-length. For the stronger 
lines this is easily done. In the tungsten spectrum the most striking 
groups of lines are those consisting of #i and a, and 61, by Ci and d. A 
glance at almost any one of the exposures, say No. 27, enables one to pick 
out the lines for which sin 0 = .377, .333, .329, etc., as being due to a, 61, 
by etc., respectively. The text for identity is to calculate the value of 
sin 0/X for each of the lines. This was done and the results are given 
in Table III., series 1. The lines g, h, and k were always faint and could 
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TABLE III. 
Line. 
&i 
a 
bx 
b 
c 
d 
g 
h 
k 
Average value 
1. 
sin 0 
— — — • IO-» 
.2576 
.2572 
.2578 
.2580 
.2580 
.2588 
.2606 
.2595 
.2595 
.2586 
Series. 
2. 
sin 0 . 
— — . 10-8 
.1570 
.1563 
.1560 
.1570 
.1570 
.1562 
.1562 
.1561 
.1565 
3. 
sin 0
 s 
— ~ — • 10-8 
.1760 
.1773 
.1775 
.1779 
.1745 
.1760 
.1765 
4-
sin 0
 a 
— _ _ . 10-8 
.0942 
.0941 
.0940 
.0946 
.0915 
.0929 
.0936 
only be picked out by this test. The measurements of sin 0 are esti-
mated to be accurate to J per cent, for values around 0.350, the accuracy 
being inversely proportional to sin 0. The ratio (sin 0)/X for the above 
mentioned series of lines is constant within this limit and shows conclus-
ively the identity of the lines. In addition to these lines it was easy to 
pick out the lines for which sin 0 = .230, .202, .199, etc. (exposure 27)1 
as also being due to a, 61, b, etc. The values of (sin 0)/X are given in 
Table III., series 2; they are constant to within the limits of accuracy of 
the measurements. The designations of the lines as shown by Table III. 
are also given in Table I. With the exception of the two above-mentioned 
series it was at first thought possible to identify hardly any of the lines. 
Sin 0 = .457 (exposure 22) is very probably the second order of sin 0 
= .230, an a line. Possibly sin 0 = .304 is a second-order line corre-
sponding to a first order sin 0 = .152, but beyond that little can be said 
from a mere inspection of the plates. In an effort to identify the re-
maining lines a table was constructed on the following principle: For each 
value of sin 0, values of the ratio (sin 0)/X were calculated using in turn 
the values of X corresponding to a, b, c, d, g, and h. If any of the lines 
form a series they can be picked out easily by looking for a constant 
value of (sin 0)/X. This attempt at identification met with considerable 
success. A third series of lines was found beginning with the a line, 
sin 0 = .258, and a fourth series beginning with the a line, sin 0 = .138. 
The remaining lines reported in Table I., six in all, have not been identi-
fied. All lines except one (sin 0 = .457) were, as far as could be ascer-
tained, in the first order. 
1
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The above data show that mica is not the equal of such crystals as 
calcite and rock salt in the analysis of X-rays. In any one order of the 
spectra due to mica are found not one but several series of lines. This 
fact complicates matters considerably, but on the other hand the lines 
produced by mica are generally narrower and sharper than those produced 
by the other crystals mentioned, some of the lines, in fact, being not more 
than one tenth the width of the lines due to calcite or rock salt. The 
presence of the numerous, very fine, lines, a few of which have# not 
been identified, might be considered an objection to the use of mica but 
almost all of these lines lie below sin 6 = .195 and, moreover, do not 
appear on many of the plates; consequently their existence need never be 
troublesome. As for the lines of the four series, the lines of series 1 and 
2 can, for the most part, be identified at a glance. Most of the lines of 
series 3 and 4 are very faint and could probably be neglected for most 
work. The conclusion to be drawn from these data is that mica is a 
reliable and convenient substance for use as an X-ray analyzer. Its 
property of being bent easily is, as explained in the early part of this 
paper, of great service in expediting the work. The form of spectrom-
eter here described has the disadvantage that the relative intensity of 
the lines on the photographic plate is, to some extent, a function of the 
distribution of intensity of radiation on the anti-cathode of the X-ray 
tube and so is apt to vary from exposure to exposure, the variation 
somet!mes being so great as to cause certain lines to be absent from the 
plate; but this disadvantage it shares with every other form of spectrom-
eter using a stationary crystal. The present spectrometer should be of 
considerable service in all work on the effects produced by X-rays where 
it is desired to ascertain accurately the effect of variation in wave-length 
on those effects. 
Some conclusions can be drawn from the present data as to the structure 
of mica. For the purpose of the present article the crystal axes of mica 
may be considered to be mutually orthogonal. The unit distances on the 
three axes are in the ratios, a : b : c = 0.577 : x : 3-3I3- The cleavage 
planes are parallel to the ab plane. Consequently a sheet of mica may be 
considered to be built up of small rectangular parallelopipeds, the greatest 
dimension of each parallelopiped being perpendicular to the surface of 
the sheet; the atoms probably lie at the corners of the parallelopipeds. 
It is at once evident that the planes rich in atoms are, in the order of 
richness, the cleavage planes, planes parallel to the ac plane, planes 
parallel to the be plane, and lastly other planes. It is evident further 
that there are no planes rich in atoms which make a small angle with the 
cleavage plane; this would be so even if atoms were also situated at the 
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centers, or at the centers of the faces, of the parallelopipeds. All of such 
planes make angles with the cleavage plane which are nearer to 900 than 
to o°. Now the presence of four series of lines in the spectrum can be 
explained in two ways. First, they may be due to four distinct sets of 
planes all parallel to the cleavage plane and having different values of d. 
Second, they may be due to sets of planes making small angles with the 
cleavage plane; as a consequence the grazing angle of the incident rays 
would not be the angle 0, and equation (1) would not apply. In view of 
the theory of structure outlined above the first of these hypotheses is to 
be preferred. By application of equation (1), using the values of X 
given in Table II., the values of d for the several sets of planes are as 
follows: 
Series d 
1. 1.93 X io~8 cm. 
2. 3.19 X io~8 " 
3- 2.83 X 10-8 " 
4- 5-35 X 10-8 " 
The sets of planes responsible for the lines of series 1 and 2 are certainly 
essential constituents of the mica as these lines appear in exposures made 
with the thinnest lamina it was possible to split off (thickness 0.0013 cm.; 
see above). As to the sets of planes to which series 3 and 4 are due, these 
are probably not essential constituents of the mica. The lines of these 
series do not appear on plates made with the thinnest lamina, although 
this may be due to their faintness, and, more significant still, most of 
them extend only part of the way across the plate. This indicates that 
the lines of series 3 and 4 are due to a substance which is mixed in with 
the mica and scattered non-uniformly through it. 
It will be noticed that the values of d for series 1 and 2 are very nearly 
in the ratio 3 : 5 . This suggests that there may be a set of planes in 
the mica for which d has one third the value of d for series 1. In order 
to investigate this point a special plate-holder was made which would 
hold the photographic plate vertically before the mica surface in such a 
way as to enable it to register values of sin 6 up to 0.95. The only lines 
observed, however, were two for which sin 6 equaled 0.574 a n d °-538 
respectively. These lines are very probably lines g and k of the first 
series in the second order. Consequently the unit in the structure of 
mica would seem to be a parallelopiped containing atoms spaced in such 
a way as to form sets of planes having the inter-planar distances 1.93 
X io - 8 and 3.19 X io - 8 cm. 
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